SUMMARY. Previous research on #3 nursery container-grown shrubs suggests that some common shrub species could be established in the Florida landscape under natural rainfall when irrigated with 3 L of water every 4 days in U.S. Department of Agriculture hardiness zones 8b and 9a or every 2 days in zone 10b until first roots reached the canopy edge (20 weeks after planting). The current study evaluated the effects of these irrigation frequency recommendations on plant vigor, canopy growth, root growth, and aesthetic quality of 21 common landscape shrub species (10 Florida native and 11 non-native) planted in Florida in zones 8b, 9a, or 10b. Data suggests that it may be appropriate to adopt the 20-week low-volume irrigation recommendations for the establishment of a wide variety of containergrown Florida native and non-native shrubs. However, Florida native and nonnative shrubs should be monitored for symptoms of drought stress for 2 years after planting.
U rban population growth and periodic droughts throughout much of the United States have led to increased restrictions on landscape water use. These water restrictions have increased interest in planting native shrub species because natives are often touted as having lower water needs than non-native ornamental species (Bodle, 2001; Haehle, 2004; Hostetler et al., 2003) . However, there are few studies that support that assertion. In fact, research indicates that water use is more likely to be a function of endemic habitat (Scheiber et al., 2008) , shrub morphology (King and Wilson, 2006) , plant growth rate (Fitzpatrick, 1983) , and shrub maturity (Stabler and Martin, 2000) than its native range. For example, Scheiber et al. (2008) reported no differences in growth response or aesthetic appearance due to irrigation treatment for 8 of 10 native and 8 of 10 non-native species grown in northern Florida. Only two species, which were endemic to swamps and streams, showed increased growth in response to irrigation compared with no irrigation (Scheiber et al., 2008) .
Previous research conducted at the University of Florida suggested that burford holly (Ilex cornuta 'Burfordii Nana'), pittosporum (Pittosporum tobira 'Variegata') , and sweet viburnum (Viburnum odoratissimum) ) could be established in the Florida landscape under natural rainfall in U.S. Department of Agriculture (USDA) hardiness zones 8b and 9a when irrigated with 3 L every 8 d. Similarly, research suggested that wild coffee (Psychotria nervosa), copperleaf (Acalypha wilkesiana), orange jasmine (Murraya paniculata 'Lakeview') , and sweet viburnum ) could be established in the Florida landscape under natural rainfall in zone 10b with 3 L of supplemental irrigation applied every 4 d until roots reached the canopy edge. These studies also suggested that increasing the irrigation frequency from every 8 d to every 4 d in zones 8b and 9a, and from every 4 d to every 2 d in zone 10b could improve plant vigor. The objective of this study was to evaluate the effects of these irrigation frequency recommendations on plant vigor, canopy growth, root growth, and aesthetic quality of 10 Florida native and 11 non-native shrub species planted in three hardiness zones. Irrigation treatments were applied, regardless of rainfall events, to six plant replicates at each location for each planting date with the following frequencies: every 2 d in hardiness zone 10b and every 4 d in zones 8b and 9a. Irrigation treatments were selected based on recommendations for vigor that were developed by evaluating irrigation frequencies for burford holly and pittosporum grown in zones 8b and 9a , for wild coffee, copperleaf, and orange jasmine grown in zone 10b , and for sweet viburnum grown in all three zones . Each shrub was irrigated with 3 L of water per irrigation event applied to the root ball using three bubbler emitters (Shrubbler Ò 360°; Antelco Ò , Longwood, FL). Each emitter was mounted 4 inches above ground level with an emitter located Table 2 . Median visual density and dieback (quality) ratings (n = 6) for selected Florida native and non-native shrub species established in the landscape under low-volume [3 L (0.8 gal) per plant] irrigation over two planting dates in U.S. Department of Agriculture hardiness zones 8b, 9a, and 10b.
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on the east and west side of each plant, 6 inches from the outside of the root ball, and the third emitter was positioned on the root ball. Irrigation frequencies were controlled as separate zones as described by Shober et al. (2009) . Irrigation was ended 20 weeks after transplant, after which time supplemental irrigation (3 L per plant by hand) was supplied to all shrubs for a specific planting date over the 2-year post-planting period when signs of severe water stress, such as severe foliage wilting, were observed. PLANT QUALITY AND GROWTH INDEX. Plant quality (plant density and dieback) was visually rated on a scale of 1 (dead plant) to 9 (dense, full canopy with no dieback) at 12, 20, 28, and 52 weeks after transplant (WAT). Growth index (GI) was used as a quantitative indicator of plant growth. GI in cubic meters for each plant was calculated as: GI = H · W1 · W2, where H is the plant height (meters), W1 is the widest width of the plant (meters), and W2 is the width perpendicular to the widest width (meters). Growth index was measured on three plant replicates per treatment at 0 (date of planting), 12, 20, 28, and 52 WAT.
ROOT-TO-CANOPY SPREAD RATIO.
Root spread was measured on three plant replicates per irrigation frequency at 12, 20, 28, and 52 WAT by excavating the longest root (near the soil surface) on the east and west side of the plant and measuring its length from the base of the plant. Root spread radius was calculated as the mean of the east and west root lengths. Root-to-canopy spread ratio was then calculated as: root spread radius/mean canopy radius with mean canopy radius = 1/4 · (W1 + W2).
DATA ANALYSIS. Experimental design and data structure required that statistical analysis of growth and quality data be limited to descriptive statistics (mean, median, etc.). Therefore, median values were used to describe the effect of the selected irrigation treatment on plant quality ratings and mean values were used to describe the effects of the selected irrigation treatment on canopy and root growth for shrub species planted in each hardiness zone.
Results and discussion
PLANT QUALITY AND GROWTH INDEX. All plants, with the exception of golden dewdrop (Duranta erecta 'Sapphire') in zone 8b and gardenia (Gardenia jasminoides 'Mystery') in zone 9a, survived and were actively growing 52 WAT when watered with 3 L of water every 4 d (zones 8b and 9a) or every 2 d (zone 10b) for 20 WAT (Tables 2 and 3 ). In addition, most shrub species maintained high plant quality ratings (i.e., density and dieback) ( Table 2 ). Poor performance of some species was not related to water stress. For example, gardenia planted in zone 9a was plagued by nutrient deficiencies that were related to pockets of alkaline soil (pH near 8.0) in the field (Tables 2 and 3 ). In addition, some species [firebush (Hamelia patens) in zones 8b and 9a, golden dewdrop in zone 8b] suffered a decline in growth and quality due to freeze damage.
Our data also suggest that there were no differences in canopy growth or aesthetic quality of native versus non-native shrubs at any of the planting locations (Tables 2 and 3) . Our results are similar to those of Scheiber et al. (2008) , who found that neither native species nor non-native species were, as a group, more responsive to irrigation. Scheiber et al. (2008) reported that growth of two of 10 Florida natives and two of 10 x Root-to-canopy spread ratio = root spread radius/mean canopy radius with mean canopy radius = 1/4 · (W1 + W2).
w -= plant was not available for measurement due to freeze damage or plant death.
non-natives increased when irrigated (daily for 17 d, then every 2 d for 7 weeks, then every 7 d). Enhanced growth of irrigated shrubs seemed to be associated with species habitat preference because all species that increased in growth as a response to irrigation were endemic to wet habitats (e.g., swamps and streams) (Scheiber et al., 2008) .
Most shrub species evaluated, regardless of geographic origin, approached a root spread-tocanopy spread ratio of 1.0 by 28 WAT and had exceeded 1.0 by 52 WAT. The majority of shrubs planted in zones 8b and 10b had reached a ratio of 1.0 by 20 WAT, which corresponds to the time when irrigation was discontinued. Root spread-to-canopy spread ratio of tree species has been reported to be species dependent (Gilman and Kane, 1991; Kummerow et al., 1977; Rogers, 1934; Rogers and Vyvyan, 1934) , but roots generally extended two to three times the distance from trunk to drip line on established nursery-grown trees (Rogers, 1934; Rogers and Vyvyan, 1934 ) and 1.7 to 3.7 times the drip line for shrubs (Gilman and Kane, 1991) . Shrubs may be considered fully established when the root spread-to-canopy spread ratio has stabilized (Gilman and Kane, 1991) . Root spread-to-canopy spread ratio of all shrubs evaluated continued to increase throughout the 52-week period of study, which suggests that shrubs, although not fully established, were able to compensate for evapotranspiration losses without additional irrigation under normal or greater rainfall conditions.
Results of our study show that additional shrub species can be established in the predominantly sandy soils of the Florida landscape in USDA hardiness zones 8b, 9a, and 10b when following the irrigation recommendations for plant vigor published by Shober et al. (2009) , Moore et al. (2009), and Wiese et al. (2009) . A total of 21 commonly planted native and non-native landscape shrubs was established using these procedures. Despite the public perception of an increased drought tolerance of native shrubs, our research suggests that there were no differences in irrigation needs based solely on native range. This suggests that it may be appropriate to adopt the 20-week low-volume irrigation recommendations for the establishment of a wide variety of Florida native and non-native shrubs. The ability to adopt the 20-week lowvolume irrigation recommendations for native and non-native landscape shrubs will provide the industry with greater choice of plant material, while continuing to conserve valuable water resources. However, Florida native and non-native shrubs should be monitored for symptoms of drought stress for 2 years after planting.
